Purpose: To assess the performance of the updated Prostate Imaging Reporting and Data System (PIRADSv2) and the apparent diffusion coefficient (ADC) for predicting confirmatory biopsy results in patients considered for active surveillance of prostate cancer (PCA). Methods: IRB-approved, retrospective study of 371 consecutive men with clinically low-risk PCA (initial biopsy Gleason score £6, prostate-specific antigen <10 ng/ml, clinical stage £T2a) who underwent 3T-prostate MRI before confirmatory biopsy. Two independent radiologists recorded the PI-RADSv2 scores and measured the corresponding ADC values in each patient. A composite score was generated to assess the performance of combining PI-RADSv2 + ADC. Results: PCA was upgraded on confirmatory biopsy in 107/371 (29%) patients. Inter-reader agreement was substantial (PI-RADSv2: k = 0.73; 95% CI [0.66-0.80]; ADC: r = 0.74; 95% CI [0.69-0.79]). Accuracies, sensitivities, specificities, positive predicted value and negative predicted value of PI-RADSv2 were 85, 89, 83, 68, 95 and 78, 82, 76, 58, 91% for ADC. PI-RADSv2 accuracy was significantly higher than that of ADC for predicting biopsy upgrade (p = 0.014). The combined PI-RADSv2 + ADC composite score did not perform better than PI-RADSv2 alone. Obviating biopsy in patients with PI-RADSv2 score £3 would have missed Gleason Score upgrade in 12/232 (5%) of patients. Conclusion: PI-RADSv2 was superior to ADC measurements for predicting PCA upgrading on confirmatory biopsy.
adoption is still hampered by the potential risk of misclassification of patients who harbor intermediate and high-risk disease, but their tumors are missed or undersampled at non-targeted prostate biopsy [1] [2] [3] . Studies have shown that 20-40% of patients who are considered to have low-risk disease based on a random prostate biopsy are subsequently upstaged if a second (confirmatory) biopsy is performed [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . This is not surprising considering reports showing that a standard prostate biopsy only samples approximately 1% of prostate tissue [14] [15] [16] . Studies have also shown that a clinical workup strategy, which includes prostate magnetic resonance imaging (MRI), aids the prediction of the results of confirmatory biopsy findings; however, the results published so far demonstrate wide space for improvement in the use of MRI for this purpose [7, [17] [18] [19] [20] .
Some of the initial reports on the ability of MRI to predict confirmatory biopsy results were based solely on anatomic T1-and T2-weighted images (T2WI) [18, 21] . The current standard for prostate MRI dictates a multiparametric approach with combines these anatomic sequences with functional techniques such as diffusion-weighted (DW) and dynamic contrast-enhanced (DCE) MRI. While the benefits of this multiparametric approach for PCA detection and staging have been widely reported [22] [23] [24] [25] [26] , the complexity of the imaging interpretation has also increased. Until recently, prostate MRI was interpreted using loosely defined criteria through qualitative ''Likert'' suspicion scores; however, guidelines aiming to standardize prostate MRI acquisition and interpretation have now been published, including the Prostate Imaging Reporting and data system (PI-RADS), with an updated PI-RADS version 2 recently released [27] [28] [29] . PIRADSv2 addressed the issue of combining different suspicion scores for the same lesion on different mpMRI sequences; however, it is acknowledged that the proposed integration scheme requires further validation in different clinical settings. Furthermore, the contribution and potential incremental value of quantitative metrics derived from the diffusion-weighted imaging component of mpMRI to the PI-RADSv2 assessment is unknown. The aim of this study was to assess the performance of PI-RADSv2 and the Apparent Diffusion Coefficient (ADC) for predicting confirmatory biopsy results in patients considered for active surveillance of PCA.
Materials and methods
The institutional review board approved this retrospective study and waived the informed consent requirement. The study was compliant with the Health Insurance Portability and Accountability Act of 1996.
Eligibility criteria and patient characteristics (Figs. 1, 2)
Using computerized searches of our institutional database, we identified 694 patients with an initial and confirmatory biopsy performed between October 1, 2007 and February 28, 2014 . The inclusion criteria were as follows: Gleason 6 prostate cancer identified on initial biopsy, PSA < 10 ng/ml, clinical stage £ T2a, confirmatory prostate biopsy performed within 12 months of the initial prostate biopsy and 3T prostate MRI performed within the 6 months prior to the confirmatory biopsy, using pelvic and endorectal coils and including multiplanar T2-weighted images, multi b-value DW-MRI, and DCE-MRI (Fig. 1) . As detailed in Table 1 and Fig. 2 
MRI acquisition
All MRI studies were performed using 3-Tesla wholebody units (Signa HDx or MR750, GE Healthcare, Waukesha, WI, USA) using a dedicated prostate protocol in line with literature recommendations [28] . Patients were examined in the supine position, with use of a body coil for excitation and a phased-array pelvic coil (GE Medical Systems) combined with a commercially available balloon-covered expandable endorectal coil (Medrad, eCoil, Warrendale, Pa) filled with air for signal reception. The anatomic images were obtained using transverse T1-weighted (repetition time msec/echo time msec, 400-650/MIN; section thickness, 5 mm; intersection gap, 1 mm; field of view, 28-36 cm; matrix, 256 9 192) and transverse, coronal, and sagittal T2-weighted fast spin-echo sequences (repetition time msec/ echo time msec, 3500-5000/120; echo train length, 23; section thickness, 3-4 mm; no intersection gap; field of view, 16-20 cm; matrix, 256 9 192). DW-MRI was obtained in the transverse plane with orientation and location identical to those prescribed for the transverse T2-weighted MR imaging using a spin-echo echo-planar imaging sequence with ramp sampling using a pair of rectangular gradient pulses along with three orthogonal axes (repetition time msec/effective echo time msec, 4000-8000/min; field of view, 16-20 cm; section thickness, 3-4 mm; no intersection gap; in-plane resolution, 1.9 9 1.9 mm; b values, 0 and 400, 700, 1000 s/mm 2 ). For DCE-MRI, gadopentetate dimeglumine (Magnevist; Bayer HealthCare Pharmaceuticals, Montville, NJ, USA) was administered (0.1 mmol of per kilogram of body weight at a rate of 2 ml/s) using an automatic injector (Medrad, Indianola, IA, USA); (TR/ TE = 3.6-4.9/1.3-1.7 ms; slice thickness: 5 mm, no interslice gap; field of view: 24 9 24 cm; matrix: 256 9 128-160, mean temporal resolution: 10 s).
MRI interpretation
Two radiologists (JG and SN) independently reviewed all MRIs. First, PI-RADSv2 scores were assigned. If more than one lesion was identified, only the one with the highest score was recorded. Interpretation was performed on commercially available PACS workstations (GE Healthcare, USA). The same two radiologists independently measured the ADC value by placing a region-of-interest (ROI) over the lesion with the highest PI-RADSv2 score in each patient (Fig. 3) . If no lesion was identified on mpMRI, the ADC was recorded from an ROI placed in a representative area of normal appearing peripheral zone on MRI.
Lesion locations (i.e., transition vs peripheral zone) were taken in account in tumor assessment (n = 25 in transition zone). Lesions were scored according to the prostatic zone where they were located as recommended by PI-RADS [28] . In case of discrepancies between the readers regarding PI-RADSv2 scores, a third radiologist (AV) adjudicated the findings.
Histopathological analysis and image correlation
For all patients initial biopsy was performed either at an outside institution (349/371) or at our center (22/371). All confirmatory biopsies were performed at our institution. The confirmatory biopsy included a standard 12-core biopsy (medial and lateral aspects of the base, middle and apical portions of the prostate bilaterally) and two transition zone biopsies for a total of 14 cores. At the discretion of the urologist performing the procedure, samples were also obtained from suspicious lesions identified on digital rectal examination, transrectal ultrasound or MRI. All biopsy specimens were reviewed at our institution by a dedicated genitourinary pathologist. No dedicated ultrasound/fusion system was used.
Statistical assessment
Data are expressed as mean ± standard deviation (SD) for continuous variables and as numbers and percentages for categorical variables. For analysis, PI-RADSv2 scores were dichotomized as positive (score ‡ 4) or negative (score £ 3). Agreement between readers for PIRADSv2 was calculated using Cohen's simple kappa statistic. Agreement between readers for ADC value measurement was calculated using the Pearson test. The agreement was interpreted as follows: 0.00-0.20, slight; 0.21-0.40, fair; 0.40-0.60, moderate; 0.61-0.80, substantial; and 0.81-1.00, almost perfect. For subsequent analysis, the adjudicated PI-RADSv2 scores and ADC values from reader 1 were used. The relationships between PI-RADSv2 score and confirmatory biopsy results were established with Chi square test. The thresholds of ADC value predicting biopsy upgrade were assessed using receiver operating characteristics curves (ROC). A linear regression line between ADC threshold classification and PI-RADSv2 score was generated. The thresholds of the linear regression equation for predicting biopsy upgrade was assessed by using receiver operatic characteristics. This equation takes in account ''grey zone'' data where there is discrepancy between the PI-RADS and ADC assessments (PI-RADS v2 score £ 3 with an ADC < 1.1275 and PI-RADS v2 ‡ 4-5 with an ADC > 1.1275). Equality of proportion test with continuity correction was used for comparison between PIRADSv2 and ADC performance and between PIRADSv2 combined PI-RADSv2/ADC values score.
A p value £ 0.05 was considered statistically significant. All analyses were performed with R software (R version 2.15.2; The R Foundation for Statistical Computing, Vienna, Austria).
Results

Pathological findings
In 107/371 (29%) patients, disease was upgraded on confirmatory biopsy (i.e., there was at least one core with Gleason score seven or greater cancer). In 79/371 patients (21%), no cancer was identified on confirmatory biopsy.
Following confirmatory biopsy, 93/371 (25%) patients underwent radical prostatectomy. In 71 of these 93 patients (76%), prostatectomy showed higher grade disease than did initial biopsy, and for 57 of these 93 patients (61%) confirmatory biopsy also showed higher grade disease than did initial biopsy.
PI-RADS v2 assessment (Table 2) The inter-reader agreement for the PI-RADSv2 assessment was substantial (k = 0.73, 95% CI [0.66-0.8]). There was a significant association between a PIRADSv2 score ‡ 4 and confirmatory biopsy upgrade (OR 39.6; 95% CI [20-78.3] ; p < 0.0001) with an accuracy of 85%, sensitivity of 89%, specificity of 83%, positive predictive value of 68%, and negative predictive value of 95%. If biopsy was obviated in all patients with PI-RADSv2 score £ 3, Gleason Score upgrading would have been missed in 12/232 (5%) patients.
ADC value (Table 2)
The correlation between the ADC values for two readers was substantial (r = 0.74; 95%CI [0.69-0.79]).
The mean ADC value of PI-RADSv2 score ‡ 4 lesions (0.9 ± 0.2 9 10 -3 mm 2 /s) was significantly lower than the mean ADC of PI-RADSv2 score £ 3 lesions (1.3 ± 0.3 9 10 -3 mm 2 /s) (p < 0.0001). An ADC value of 1.1275 9 10 -3 mm 2 /s was chosen as the optimal cutoff value for predicting confirmatory biopsy upgrade. Using this cutoff, confirmatory biopsy upgrade was predicted with an accuracy of 78%, sensitivity of 82%, specificity of 76%, positive predictive value of 58%, and negative predictive value of 91%. If biopsy was obviated in all patients with ADC > 1.1275 9 10 
Combination of PI-RADSv2 and ADC values
The increase in correctly identified cases (accuracy) for PI-RADS v2 (85%) compared to ADC value (78%) was significant (p = 0.014).
As stated in the methods, a linear regression line between ADC threshold and PI-RADSv2 score was generated: 3.05 + 3.16 9 [PI-RADS v2 (4-5)] + 0.78 9 (ADC < 1.1275). Using the equation generated the optimal cutoff value in the composite PI-RADSv2/ADC score for identifying biopsy upgrade was -1.0834. This cutoff offered an accuracy of 85%, sensitivity of 89%, specificity of 83%, positive predictive value of 68%, and negative predictive value of 95% (Table 2) . No difference between this composite score and PI-RADS v2 alone was 
Discussion
In this study, we evaluated the performance of PIRADSv2, quantitative ADC measurements, and the combination of these two variables for predicting confirmatory biopsy results in patients with clinically low-risk prostate cancer. We found that all three interpretation approaches were significantly associated with Gleason Score upgrading on confirmatory biopsy; however, PIRADSv2 performed significantly better than ADC values. Furthermore, the combination of PI-RADSv2 and ADC through the calculation of a ''composite score'' did not perform better than PI-RADSv2 alone. The use of PIRADSv2 has the potential to increase the yield of significant prostate cancer detection and the identification of a subgroup of patients who would not require confirmatory biopsy. Among patients initially diagnosed with clinically low-risk prostate cancer, those with PI-RADSv2 scores £ 3 were significantly more likely to demonstrate low-risk features on confirmatory biopsy, while patients with PI-RADSv2 ‡ 4 were significantly more likely to have higher risk cancer. It is worth emphasizing although obviating biopsy in patients with a PI-RADSv2 score £ 3 on MRI would have prevented 220 biopsies in our cohort, Gleason Score upgrading would have been missed in 5% of patients. Although no diagnostic test is perfect, and there is obvious space for improvement in performance in the results shown, the tolerable risk of ''missed'' tumors on MRI may vary according to patient and physician preference. Nonetheless, this risk should be part of the patient physician leading to the management decision-making process.
Prostate biopsy remains the most accepted criteria to trigger treatment for men on active surveillance. Most published reports advocate confirmatory prostate biopsy within one year of initiating active surveillance based on studies suggesting 23-38% of men with low-risk prostate cancer may harbor high-grade tumors detected on second biopsy [30] . However, prostate biopsy is associated with known risks, including infectious complications, hematuria, hematospermia, and pain. Therefore, a riskadapted approach to guide active surveillance follow-up based on patient, pathologic, and imaging characteristics can reduce the number of unnecessary prostate biopsies. During the past decade, multiparametric MRI has emerged as a promising tool to diagnose prostate cancer by helping guide prostate biopsies. Most studies report improvement in the detection rate of higher Gleason grade cancer using MRI-targeted biopsy techniques compared to systematic biopsy. In a study by Vargas et al. [18] , the sensitivity and specificity to predict confirmatory biopsy results were 0.89 and 0.70, respectively. However, a recent meta-analysis [31] including the data of seven studies comprising 1028 patients demonstrated that mpMRI has a moderate diagnostic accuracy as a significant predictor of disease reclassification among AS candidates. Indeed, the pooled estimates of MRI on disease reclassification among AS candidates were as follows: sensitivity, 0.69; specificity, 0.78; positive likelihood ratio, 3.1; negative likelihood ratio, 0.40; and diagnostic odds ratio, 8. The high NPV and specificity for the prediction of biopsy reclassification upon clinical follow-up suggested that negative prostate MRI findings may support a patient remaining under AS.
In our study, low ADC values were associated with biopsy upgrade at univariate analysis. Those results are concordant with previous study [32] , however in our study, PI-RADSv2 score showed superiority.
A reclassification rate of 10-30% has been reported during the follow-up of patients on active surveillance [3, 12, 16] . This is thought to be mainly due to under sampling of significant tumors at initial biopsy rather than progression of low-risk disease. Applying PI-RADS v2 approach could help identify those men incorrectly classified as low risk, subsequent to sampling error. Our study suggests that patients with a PI-RADSv2 ‡ 4 should be referred for confirmatory or MR-guided biopsy. Conversely, most patients with a PI-RADSv2 score £ 3 should be considered eligible for continued active surveillance, obviating the need for a repeat, confirmatory biopsy with its associated risks. Our results are also concordant with recent literature, where PIRADSv2 approach has been shown to improve the diagnostic accuracy to detect PCA and standardize the interpretation of mpMRI [33, 34] .
Our study has several limitations. First, it is retrospective, and uses confirmatory biopsy as the reference standard, rather than long-term outcome measures. Second, we did not evaluate fusion biopsies correlation results as its systematic use began after the patients included in this study were treated at our institution. Third, the results are reported at a per-patient basis, as there is no direct pathologic correlation for each abnormality identified on MRI. However, we show how the MRI findings could potentially impact patient management, which is probably more relevant than reporting on management of individual lesions. Forth, we dichotomized PI-RADSv2 score for assessment (1-3 vs. [4] [5] . Although this is the cutoff recommended by the PI-RADSv2 guideline as representing clinically significant prostate cancer likely or definitely present, we did not test the effects of utilizing different cutoffs on our results. However, the cutoff we employed is also supported by recent literature suggesting that PI-RADS score three lesions are associated with low risk of clinically significant cancer [35] Finally, other diffusion-weighted MRI methods, including higher/different b value combinations, high-resolution DWI, diffusiontensor imaging, and intravoxel incoherent motion (IVIM) techniques, may provide added value and should be evaluated in future studies.
In summary, the success of active surveillance as a management strategy for prostate cancer relies primarily on the accurate identification of patients with low-risk disease. PI-RADSv2 showed to be predictive of upgrading on confirmatory prostate biopsy, suggesting that prostate mpMRI, and more specifically diffusionweighted imaging, may contribute to the complex process of assessing patient eligibility for active surveillance.
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